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(54) A method of purifying an iron-containing acid leaching solution 



(57) A method of purifying an acid teaching solution 
obtained by processing hydrometailurgically material 
that contains valuable metals and also Fe 3+ and Fe 2 * 
and possibly also arsenic in solution. The major part of 
the Fe 3+ -content and the arsenic is precipitated out in a 
first stage, by adding pH-elevating agent to the leaching 
solution. The precipitate formed in the first precipitation 
stage is extracted from the solution and removed from 
the process. The solution is oxidised in a second pre- 
cipitation stage while adding a further pH-elevating 
agent for oxidation of Fe 2 * and precipitation of resultant 
Fe 3+ and any arsenic still present. The resultant precip- 
itate and any residual solid pH-elevating agent are then 
extracted from the solution and returned in the process 
to more acid conditions, and the thus purified solution is 
then processed to win its valuable metal content in a 
manner per se. The pH is suitably raised during the first 
stage to a value in the range of 2.2-2,8, and in the sec- 
ond stage to a value in the range of 3.0-4.5. The oxidis- 
ing process in the second stage is suitably effected by 
injecting air into the solution and by preferably using lime 
or limestone as the pH-elevating agent. Solid material 
extracted from the second stage is returned beneficially 
to the first stage. Some of the solid material taken from 
each precipitation stage can be recycled within respec- 
tive stages as a nucleating agent. 
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Description 

[0001] The present invention relates to a method of 
purifying an acid leaching solution which has been ob- 
tained by hydrometallurgically working-up material that 
contains valuable metals, and that in addition to said val- 
uable metals also includes Fe 3+ and Fe 2+ and possibly 
also arsenic in solution. Although the method can be 
used generally for acid leaching solutions of this nature 
regardless of the choice of hydrometallurgical process 
applied and the type of starting material, it is particularly 
suitable for purifying acid leaching solutions that result 
from bioleaching processes, i.e. processes in which 
bacteria are used to accelerate the leaching process. 
[0002] Bioleaching is described generally in our ear- 
lier Patent Publications US-A-5, 397,380 and SE-A- 
9901613-1, and, for instance, also in WO 9216667 
which deals generally with the oxidation of metal sul- 
phide material with thermo-tolerant bacteria and also in 
WO 94/281 84 which relates to bioleaching of zinc con- 
centrate. 

[0003] It is necessary to cleanse leaching solutions of 
the kind described in the introduction of their iron and 
possible arsenic content, in order to be able to win their 
valuable metal contents economically, for instance their 
copper, zinc, nickel, cobalt and precious metal contents 
by electrowinning or by some other suitable process. In 
the known methods applied to this end, such acid solu- 
tions, which often have a pH of about 1 , are neutralised 
with lime or some like pH-eievating agent so as to pre- 
cipitate the iron, wherewith any arsenic present will also 
be precipitated at the same time. Total precipitation of 
the iron (II!) content is obtained at pH 3.0-3.5. One such 
known method is described in AU-A-1 1201/92, for in- 
stance. 

[0004] A relatively large percentage of the iron in a 
bioleaching solution is present in divalent form, Fe 2 " 1 -, 
and it is necessary to convert all iron to a trivalent form, 
i. e. Fe 3 *, by oxidation in order to be able to separate the 
iron from remaining metals (valuable metals) by precip- 
itation. This is normally effected at a pH >3 by injecting 
air into the system so as to obtain a sufficiently rapid 
kinetic, in other words a high oxidation rate. However, 
when precipitating iron at such high pH values some 
precipitation of other metals will take place, caused by 
inclusions in the resultant voluminous iron hydroxide 
precipitate among other things, and consequently valu- 
able metals will be lost in the precipitate to an extent 
which is economically significant with respect to most 
valuable metals. 

[0005] Proposals have been made as to how the loss 
of valuable metals caused by this co-precipitation can 
be avoided or at least reduced. There is described in an 
article bv A.P. Briggset at (Int. Biohydrometallurgy Sym- 
posium 1BS97, Sydney, 1997) a bacteria leaching proc- 
ess undertaken in Uganda to recover cobalt from roast- 
ed pyrites, in which the iron was precipitated incom- 
pletely in order to avoid cobalt losses. This process, 



however, results in problems in the following cobalt re- 
covery stage. 

[0006] Another article by M.L. Steemson et al in the 
same publication (IBS97), there is described a bioleach- 

5 ing process for treating zinc concentrate, in which co- 
precipitation of zinc with the precipitation of iron is par- 
ticularly upheld as a serious problem that necessitates 
re-dissolving the resultant iron precipitate and re-filtra- 
tion in order to obtain a solution of the purity required 

10 for the subsequent zinc winning process using solvent 
extraction/electrowinning. 

[0007] The object of the present invention is to greatly 
reduce the extent of the problems associated with the 
co-precipitation of valuable metal contents when purify- 

1$ ing the aforedescribed acid leaching solutions. 

[0008] The inventive method is characterised to this 
end by the method steps set forth in the accompanying 
Claims. Thus, according to the present invention, the 
major part of the Fe^-content and arsenic content of 

20 the leaching solution is precipitated out in a first stage, 
by adding pH-elevating agent to the leaching solution. 
The precipitate formed in the first stage is separated 
from the solution and removed from the process. The 
precipitate-free solution is then oxidised in a second pre- 

2S cipitation stage while adding additional pH-elevating 
agent to oxidise Fe 2 * and therewith precipitate out the 
resultant Fe 3+ and any arsenic that remains in the solu- 
tion. The precipitate formed and any solid pH-elevating 
agent that remains is/are extracted from the solution and 

30 returned to the process to more acid conditions, and the 
thus purified, or cleansed, solution is then processed to 
recover its valuable metal content in a manner known 
per se. The pH is conveniently raised during the first 
process stage to a value lying in the range of 2.2-2.8, 

35 and is raised in the second process stage to a value lying 
in the range of 3.0-4.5. Oxidation in the second process 
stage is conveniently effected by injecting air into the 
solution. The pH-elevating agent may suitably be lime 
or limestone, although ft will be understood that local 

40 conditions and possible access to other inexpensive 
and useful alkaline materials may be a deciding factor 
in this respect. All or part of the solid material extracted 
from the second process stage may conveniently be re- 
turned to the first process stage, therewith utilising the 

45 added alkaline material to a maximum. Part of the sep- 
arated solid material obtained in each precipitation 
stage may be returned within respective stages as a nu- 
cleating agent. Thus, the only part of the precipitate ob- 
tained in the second process stage that is not returned 

50 to the first stage is the part which then circulates inter- 
nally within said stage. 

[0009] The invention will now be described in more 
detail with reference to the accompanying drawing, 
which has the form of a flowchart that illustrates a pre- 
55 ferred embodiment of the method. 

[0010] A sulphuric acid teaching solution containing 
iron, arsenic and also valuable metals that shall be won 
from the solution in later process stages is delivered to- 
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gether with lime to a reactor equipped with agitating or 
stirring means, or to a series of such reactors, for car- 
rying out the first precipitation stage, which is effected 
by increasing the pH of the solution to a final value of 
2.2-2.8. During this stage of the process, the major part 
of the trivalent iron present in the solution is precipitated 
together with any arsenic present. As much as 90-95% 
of the trivalent iron content and a significant part of the 
arsenic can be precipitated without risk of any co-pre- 
cipitation of other metals. The resultant slurry is 
deslimed in a thickener, optionally with the aid of a floc- 
culating additive. Because of the relatively low pH at 
which the precipitate obtained from the thickener was 
formed, the precipitate is dense, easily filtered and eas- 
ily washed, and is washed with water and possibly also 
with an acid additive. A final iron-arsenic-gypsum pre- 
cipitate free from valuable metal can be removed from 
the process and further filtered, including a number of 
washing stages or counterflow washing of the precipi- 
tate in a thickener or thickeners, and then transported 
to a waste dump. The washing liquid is suitably recov- 
ered and returned as leaching solution to the bioleach- 
ing stage. The overflow from the thickener downstream 
of the first precipitation stage will be relatively turbid if 
no flocculating agent has been added, since the over- 
flow is led into the first reactor of a series of reactors in 
the second precipitation stage, together with lime or 
limestone. 

[0011] The divalent iron present is oxidised in this sec- 
ond precipitation stage, by injecting air into the solution 
and raising its pH to a final value of about 3.0-4.5. As a 
result of this oxidation, practically all of the trivalent iron 
newly formed from the iron that remained after the first 
precipitation process is precipitated out together with 
any remaining arsenic. The precipitate obtained in the 
second precipitation stage is delivered to a thickener, 
suitably together with a flocculating agent, downstream 
of the last reactor in said second stage; the precipitate 
should really be referred to as a slurry in this stage of 
the process, because of its voluminous and fluffy phys- 
ical consistency in a highly liquid environment. There is 
obtained from the thickener an iron-free and particle- 
free overflow of solution that contains valuable metals, 
which can be delivered to an appropriate metal winning 
process, for instance a liquid extraction process and fol- 
lowing electrowinning process, without further treat- 
ment. The thickened slurry obtained in the second thick- 
ener and possibly containing co-precipitates of valuable 
metals in hydroxide form, is returned and fed into the 
first reactor in the first precipitation stage together with 
the acid leaching solution, where the conditions prevail- 
ing in the process are as acid as possible. All co-precip- 
itates and any un reacted lime will be effectively dis- 
solved in the more acid environment. As indicated, 
some of the thickened slurry obtained in the second 
thickener may be recycled to the second precipitation 
stage with the object of improving crystallisation in the 
precipitation process in this stage. 



EXAMPLE 

[0012] When purifying an acid leaching solution that 
had an initial pH of 1 .5 and contained, inter alia, about 

s 11.5 g/l iron and 4.8 g/l zinc in comparison trials using 
two-stage precipitation in accordance with the invention 
and conventional single-stage precipitation, it was es- 
tablished that the loss of Zn with the total precipitation 
of iron achieved by raising the pH to about 3 correspond- 

io ed to about 35% of the total amount present. In the case 
of the two-stage precipitation process, it was surprising- 
ly found that only negligible amounts of zinc were 
present in the precipitate, enabling the zinc loss to be 
set to 0 in practice. 

is [0013] The method according to the invention affords 
a number of advantages, some of which include 

• minimum losses of valuable metals caused by co- 
precipitation (see the above example) 

20 • minimum consumption of flocculating agent 

• maximum appropriation of added alkali 

• total precipitation of iron and arsenic is possible (in 
the absence of co-precipitation of other metals) 

• iron/arsenic precipitates can be washed effectively 
25 by withdrawing the product from the circuit at low 

pH, and as a result of the low addition of flocculating 
agent. 



30 claims 

1 . A method of purifying an acid leaching solution ob- 
tained when working-up hydrometallurgically mate- 
rial that contains valuable metals, said solution also 

35 containing Fe 3+ and Fe 2+ and possibly also arsenic 
in solution in addition to said valuable metals, char- 
acterised by adding a pH-elevating agent to the 
leaching solution such as to precipitate the major 
part of its Fe^-content and the arsenic present in 

40 a first stage; separating the precipitate formed in the 
first stage from the solution and removing said pre- 
cipitate from the process; adding a further pH-ele- 
vating agent to the solution in a second stage such 
as to oxidise Fe 2+ and precipitate the resulting Fe 3 * 

45 and possibly any remaining arsenic; separating the 
resultant precipitate and any residual solid pH-ele- 
vating agent from the solution and returning the 
same in the process to more acid conditions; and 
thereafter winning the valuable metal content of the 

50 thus purified solution in a manner known per se. 

2. A method according to Claim 1 , characterised by 
raising the pH to a value within the range of 2.2-2.8 
in the first precipitation stage. 



ss 



3. A method according to Claim 1 , characterised by 
raising the pH to a value in the range of 3.0-4.5 in 
the second precipitation stage. 
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4. A method according to any one of Claims 1 -3, char- 
acterised in that oxidation is achieved in the sec- 
ond precipitation stage by injecting air into the so- 
lution. 

5 

5. A method according to any one of Claims 1 -4, char- 
acterised by using lime or limestone as the pH-el- 
evating agent. 

6. A method according to any one of Claims 1 -5, char- to 
acterised by returning solid material separated 
from the second precipitation stage to the first pre- 
cipitation stage. 

7. A method according to any one of Claims 1 -6, char- *S 
acterised by returning some of the solid material 
separated from each precipitation stage within re- 
spective stages as a nucleating agent. 

20 



25 



30 



35 



40 



45 



50 



55 



4 




EP 1 059 361 A1 



Leaching 
Solution Lime 



1. precipitation stage 
pH 2.2-2.8 



Thickener 



Solution 



Precipitate 



H 2 0 



Lime 



Washing 



2. precipitation stage 
pH 3.0 - 4.5 



02 



(air) 



To bioleaching 

process 

or 

2. Precipitation 
stage 



Fe- gypsum 
precipitate 
to dump 



Thickener 



Slurry 



Solution to 
Me-winning 



To incoming \ 
leaching solution To'2 . Precipitation 

stage 



5 



EP 1 059 361 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 85 0095 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages _ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION Qnt.Cl.7) 



DO 125 827 A (VEB BERGBAU- UND 
HUTTENKOMBINAT "ALBERT FUNK") 
18 May 1977 (1977-05-18) 

* page 1 - page 5; claims 1-4; figure 1; 
example 1 * 

DATABASE WPI 

Section Ch, Week 199252 

Derwent Publications Ltd., London, GB; 

Class Mil, AN 1992-426413 

XP002147326 

& JP 04 318133 A (SUMITOMO METAL MINING 
CO), 9 November 1992 (1992-11-09) 

* abstract * 

DE 23 42 729 B (DUISBURGER KUPFERHUTTE) 
30 January 1975 (1975-01-30) 

* column 3, line 25 - column 5, line 13; 
claim 1 * 

DATABASE WPI 

Section Ch ? Week 199320 

Derwent Publications Ltd., London, GB; 

Class M25, AN 1993-165427 

XP002147327 

& SU 1 735 404 A (GINTSVETMET RES INST), 
23 May 1992 (1992-05-23) 

* abstract * 

US 3 510 259 A (EVERETT PETER KENNETH) 
5 May 1970 (1970-05-05) 

* column 4, line 54 - column 5, line 15 * 

US 4 241 039 A (KIBAYASHI TAMOTSU ET AL) 
23 December 1980 (1980-12-23) 

* column 2, line 17 - line 66; claim 1 * 

* column 4, line 6 - line 53 * 



The present search report has been drawn up for all claims 



2-7 



2-7 



C22B19/20 
C22B3/44 
C22B15/00 
C22B23/00 



2,4,5 



3,4 



TECHNICAL FIELDS 
SEARCHED (lot.CI.7) 



C22B 
C25C 



2-7 



3-5 



PUc« of March 

THE HAGUE 



Dale of completion ot ih« search 

13 September 2000 



Bombeke, M 



CATEGORY OF CITED DOCUMENTS 

X : particular^ relevant if taken alone 

Y : particularly relevant If combined wRh another 

document of the same category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited tor other reasons 



i : member of the same patent family, corresponding 
document 



6 



EP 1 059 361 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 85 0095 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCL7) 



US 3 985 856 A (YANG KANG ET AL) 
12 October 1976 (1976-10-12) 
* column 2, line 56 - column 3, line 5; 
claims 3,5 * 



,5 



TECHNICAL FIELDS 
SEARCHED (ln!.CI.7> 



The present search report has been drawn up for all claims 



P\*C9 d SOTlCh 

THE HAGUE 



Data of completion of It* ««aich 

13 September 2000 



Examiner 



Bombeke, M 



CATEGOflY OF CITED DOCUMENTS 

X : particularly relevant II taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



i" "merrier of the same patent lamSy. corresponding 
document 



7 



EP 1 059 361 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 85 0095 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on irtfArma h™ 
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

13-09-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



OD 125827 



18-05-1977 



NONE 



JP 4318133 



09-11-1992 



NONE 



OE 2342729 B 



30-01-1975 



AT 
AT 
BE 
ES 
FI 
IT 
NL 
NO 
SE 



338004 
569774 
814007 
429518 
179674 
1019086 B 
7410897 A 
741691 A 
7408109 A 



25-07-1977 

15- 11-1976 

16- 08-1974 
01-09-1976 

25- 02-1975 
10-11-1977 

26- 02-1975 

24- 03-1975 

25- 02-1975 



SU 1735404 



23-05-1992 



US 3510259 



05-05-1970 



NONE 
NONE 



US 4241039 



23-12-1980 



JP 
JP 
JP 
AU 
AU 
BE 
CA 
0E 



1078996 C 
54082307 A 
56020338 B 
519440 B 
4248278 A 
872703 A 
1108376 A 
2853516 A 



US 3985856 



12-10-1976 



NONE 



§ For more details about this annex : see Official Journal of the European Patent Office. No. 12/B2 



25-12-1981 
30-06-1979 
13-05-1981 
03-12-1981 
21-06-1979 
30-03-1979 
08-09-1981 
28-06-1979 



8 



